Major advances have occurred the past few years in the cultivation of a number of new, fastidious mollicutes-events which can be traced directly to successful efforts to develop culture media for the expanding group of helical mollicutes (spiroplasmas) inhabiting plants and arthropods. A description of cultivation techniques successful in primary isolation of three unusual mollicutes, representing new mycoplasmas from man and animals and a new spiroplasma from ticks, emphasizes some important factors in recovery of wall-less prokaryotes with special cultural requirements. Vigorous efforts to understand the distribution of spiroplasmas in plant and insect hosts also led to the cultivation of new, non-helical mollicutes.
INTRODUCTION
I wish, first of all, to express my thanks to the officers and members of the International Organization for Mycoplasmology (IOM) for the very great honor of being the second recipient of the Emmy Klieneberger-Nobel Award. It was my special privilege to know and work with Dr. Klieneberger-Nobel during recent times when she was made an honorary member of IOM and attended our international conferences. Few other people have had such an impact on the field of mycoplasmology. In a career covering 40 years, she pioneered basic and applied research on mycoplasmas and provided much of the stimulation in the 1930s and 1940s to define the nature and distribution of these organisms. The monograph she authored in 1962 [1] , which was the first serious attempt to put mycoplasmas in full perspective, can probably be credited with transforming the field into the modern science of mycoplasmology. Some of the flavor of the early struggles in working with these organisms can be gleaned from a reading of her recently published memoirs [2] . Dr. Klieneberger-Nobel celebrates her ninety-first year in February 1983 , and I know her many friends in IOM wish her continued good health and happiness. Second, I wish to take this opportunity to acknowledge publicly and to express my appreciation for the generous assistance and collaboration of a number of individuals who have participated in the studies to conditions, and information on the factors involved provides important lessons for future efforts in this area. In addition, the recovery of new mollicutes has been significantly enhanced by developments within the rapidly expanding field of helical mollicutes (spiroplasmas), particularly with culture medium formulations developed for spiroplasmas. The second phase of the presentation will discuss the features of a number of new plant and insect mollicutes that have been recovered recently and how these organisms represent major shifts in our concepts of the host range of specific mollicutes. (In this discussion, the trivial term "mollicute(s)" will be used as a general reference for all wall-less prokaryotes within the class Mollicutes, while terms such as "mycoplasmas," "acholeplasmas," and "spiroplasmas" will be used for organisms within respective genera included in the class Mollicutes.) FACTORS IN RECOVERY OF MOLLICUTES One of the most obvious conclusions one can draw from the impressive developments in the field of mycoplasmology over the last [10] [11] [12] [13] [14] [15] years is that no single culture medium or cultivation procedure is adequate for the isolation of all, or even most, of the known mollicutes. One must assume in these circumstances, therefore, that it is necessary to employ a variety of cultivation techniques known to be successful in the recovery or growth of the usual mollicute. At the same time it must be recognized that the nutritional needs of some, and perhaps many, mollicutes yet to be recovered have not been met with our current understanding or concepts of nutrition of these organisms. As newly developed culture medium formulations occur, they should be applied to those situations where one suspects involvement of mycoplasmas or other mollicutes. Perhaps we should also include there those situations where a mollicute involvement seems unlikely.
A number of events occurred recently which tend to support this general thesis. For example, a culture medium which Bob Whitcomb developed in his laboratory, as part of our collaborative project to culture the suckling mouse cataract spiroplasma [3] [4] [5] , was found in our laboratory to enhance the isolation of Mycoplasma pneumoniae from human throat culture specimens [6] . These findings now have been confirmed in a number of other laboratories [Senterfit LB; Quinn P: personal communications]. In our laboratory we also found this particular medium produced superior growth of a number of other classical mycoplasmas which have rather fastidious growth requirements (including M. alvi, M. sualvi, M. dispar, M. lipophilum, and M. fastidiosum). In subsequent comments, I will delineate how this particular medium has been used to recover three new mollicutes. At this point we do not know what components of SP-4 medium are responsible for growth promotion, although the multi-component 1066 tissue culture supplement in the medium is required by some spiroplasmas [5] . Also, the use of fetal bovine serum in place of horse serum usually employed in mycoplasma media may represent a comparable source of cholesterol but be devoid of serum antibodies or other globulins that exert some inhibitory activity on mollicutes. I would hasten to add that we also have some evidence that the SP-4 medium alone might not provide all the conditions required to recover a specific fastidious mollicute. It is these other conditions, in combination with the culture medium, that I wish to emphasize in the discussion of the three new mollicutes.
At this time, it might be appropriate to review some factors which can interfere with successful recovery of these organisms [7] (Table 1) . One can divide these components into those that occur within the host and those that operate at the culture level. Most of these factors are well known to most mycoplasmologists, and their effect documented in early published work with classical mycoplasmas. However, fresh evidence with some of the newly isolated fastidious mollicutes has certainly reinforced the basic concepts involved. NEW MYCOPLASMA FROM THE HUMAN GENITAL TRACT The first new mycoplasma to be described here was the result of some collaborative work with David Taylor-Robinson. The initial stimulus came from David, as he had observed some helical-like filaments in urogenital tract specimens from men with non-gonoccoccal urethritis (NGU). Thus, our initial intention was to attempt isolation of spiroplasmas from genital tract specimens, using the SP-4 medium ( Table 2) .
In these trials, 0.1 ml amounts from each of 13 NGU specimens (maintained in a transport medium) were added to vials containing 3 ml of SP-4 medium, and each primary culture was serially diluted in two tenfold dilutions. Two series of broth cultures were prepared from each specimen so that samples could be incubated at either 30°C or 37°C. After forty days of incubation, no obvious change had occurred in the turbidity of the broth or in the pH of the medium, although a few specimens yielded M. hominis strains. The vials were left in the incubator for another eleven days, at which time we noticed a change in the pH of the medium (to the acid side) in one vial in each series (cultures labeled G-37 and M-30). These two cultures were then passed to fresh SP-4 medium and thirty days after the first passage of the primary specimens we again noted a color change in the medium indicator. Subsequent passage of each of the two cultures shortened the incubation period so that a color change in medium occurred regularly at about four-to five-day intervals (37°C). At this point we enlisted Roger Cole's assistance in examining the cultures by electron microscopy. Both strains consisted of flask-shaped, wall-less organisms with an obvious terminal structure [8] . Subsequent investigations, performed in David's laboratory and in our laboratory [8] [9] [10] , indicated that the unique terminal structure and biological features of the organism were very similar to the characteristics of M. pneumoniae and a number of other Mycoplasma species [11] [12] [13] . The organisms attached strongly to tissue culture cells, apparently by the specialized tip, and induced severe cytopathogenic changes in the cells. The Penicillin (100,000 units/ml) 10 ml Phenol red solution (0.1 percent aqueous) 20 ml Final pH 7.5-7.6. Osmolality, 332 mOm. Table 3 . An important observation was subsequently made in David's laboratory, when it was noted that the G-37 organism was especially sensitive to thallium acetate. This component is frequently employed in mycoplasma media for recovery of genital tract mycoplasmas since these organisms are resistant to this bacteriostatic agent. Additional tests in both laboratories confirmed the initial observation (Table 4) .
Further concerted efforts were undertaken to make sure the new mycoplasma was not related to other previously described mollicutes, using a variety of serological techniques. This analysis, and other tests required to establish the taxonomic status of the agent, confirmed its distinction from other known mollicutes [8] [9] . Our collaborative group recently submitted these findings for publication and proposed that the organism be designated Mycoplasma genitalium [10] .
Although a number of isolations of this organism from other urogenital specimens have been made by David Taylor-Robinson [unpublished studies], we do and C57 BL/6), were cultured on three different mycoplasma broth formulations. The media included a standard mycoplasma broth (containing 20 percent horse serum) a UIOB broth for isolation of ureaplasmas, and the SP-4 broth formulation [15] . Two sets of each medium preparation were employed, so that inoculated cultures could be incubated either in an aerobic environment or under anaerobic conditions (using the Gaspak system-BBL Microbiology Systems, Cockeysville, MD).
Mycoplasmas were recovered from three pregnant R11 mice, with all isolations being made in SP-4 broth cultures maintained in the Gaspak system. Growth was first detected in broth cultures subcultured to SP-4 agar plates after a 14-day incubation period, and all three strains grew only on SP-4 agar or broth, and only under anaerobic conditions. Subsequent characterization of two of the isolates (RI 114 and RI 118), which was performed in either Dr. McGarrity's laboratory or in our laboratory, indicated that the mouse isolates were an arginine-hydrolyzing, sterolrequiring mycoplasma [15] . While An earlier report [16] described the primary isolation of eight strains of the organism and presented evidence that these spiroplasmas were serologically distinct from other established spiroplasmas. Their inclusion in this discussion is based upon a number of unique nutritional needs and some features of their primary isolation.
The eight spiroplasmas were recovered from various tick pools, totaling about 600 Ixodespacificus collected over a five-month period. All isolations were made in both SP-4 broth medium and in a tick cell culture line (Dermacentor variabilis) [16] .
Recovery times in SP-4 broth varied from an incubation period of 20 to 45 days (average, 26 days). Isolations made in the tick cell culture were also very similar, since 21 to 56 days were required for the appearance of helical forms in tissue cell supernatants. However, laboratory-adapted strains in this group show adequate growth in 7-10 days at 30°C. Thus, the incubation period required in primary isolation of these tick-derived spiroplasmas is apparently longer than that observed with any other spiroplasma grown on artificial medium. Even the corn stunt agent, which was considered to be rather fastidious in growth needs, could be successfully cultivated from plant tissues in 14 days [17] .
In addition, we found the Y32 spiroplasma to be extremely sensitive to both yeast components and various commercial lots of fetal bovine serum used as supplements to SP-4 broth. Using quality control techniques previously described [18] , optimum growth of Y32 occurred when both fresh yeast extract and a yeastolate preparation (Difco Laboratories, Detroit, MI) were added to SP-4 broth. Excluding both yeast components from the medium produced a three logarithmic decline in numbers of spiroplasmas obtained after an incubation period of 14 days. The response of the Y32 strain when grown in SP-4 medium containing different lots of fetal bovine serum is presented in Table 5 . Some serum preparations obviously are sub-optimal in supporting growth of this low-passage spiroplasma. Collectively, these observations again emphasize the importance of lengthened incubation periods and the advisibility of employing some means of quality control to measure suitable or unsuitable medium components.
OTHER NEW MOLLICUTES AND CHANGES IN APPARENT HOST PAT1TERNS
The value of the SP-4 medium in cultivation of fastidious spiroplasmas became obvious to other workers, and the medium soon was being employed in attempts to recover new spiroplasmas from a variety of plant and insect hosts. A somewhat surprising development followed a number of these attempts, since isolation of nonhelical, wall-less prokaryotes occurred more frequently than helical mollicutes. Preliminary efforts to characterize several of the isolates, either by the initial investigators or in our laboratory, indicated they all possessed general features of Mycoplasma or Acholeplasma species (growth in presence of penicillin, pleomorphic cell morphology, and the like). Each isolate was also subjected to an extensive serological analysis against a comprehensive list of individual antisera maintained in our reference collection, and representing all known species in the two above groups of mollicutes. Thus, there was substantial data to indicate the new isolates were not spiroplasmas, nor were they related to other previously described sterol-requiring (Mycoplasma) species or sterol-nonrequiring (Acholeplasma) species. Since a growth requirement for cholesterol is a major criterion for separation of members of these two genera [19, 20] , detailed studies to establish growth responses to cholesterol were initiated, using the standard broth culture method described from our laboratory [19] . The first group of new isolates to be examined involved four organisms recovered from flowers by Randolph McCoy and associates in Florida [21] . These included three serologically related strains (LI and GF1 strains from flowers of lemon and grapefruit trees, respectively, and the PPA strain from the tropical plant Calliandra hematocephala ("powder puff"), and a single isolate (strain MI) from another tropical plant, Melaleuca quinquenervia. In early tests on cholesterol needs, we found that none of the four strains would grow on the usual serum-free medium formulation commonly used for cultivation of acholeplasmas [19] . Additions of 0.01 percent Tween 80 (Sigma Chemical Co., St. Louis, MO), a mixture of various fatty acids, to serum-free broth also did not support sustained growth of the isolates, although this component has been observed to enhance the growth of some Acholeplasma species [22, 23] . However, David Rose, in our laboratory, found that a serum-free medium containing 0.04 percent Tween 80 would provide rapid and sustained growth of three of the four flower isolates (LI, GF1, and PPA).
With these experiences in hand, we redesigned the standard cholesterol test to include growth comparisons on serum-free medium containing either 0.01 percent or 0.04 percent Tween 80. The results of testing the LI prototype strain in this series of culture media containing supplements of Tween 80 or cholesterol ( Table 6 ) indicated clearly that the organism did not have a growth requirement for cholesterol. Additional cholesterol studies on the related GFI and PPA strains were in agreement with findings on the LI strain, suggesting that these organisms represented a single putative species of a new Acholeplasma. Subsequent data [24, 25] on the molecular and genetic properties of this group confirmed these impressions, and this cluster of isolates has now been proposed as a new species (Acholeplasmafloridum) [25] . On the other hand, cholesterol studies with the melaleuca strain showed poor to minimal growth on all serum-free media preparations, but enhanced growth responses were apparent to increasing quantities of cholesterol, results more clearly associated with sterol-requiring Mycoplasma species [19] .
At about the same time, Norman Somerson sent us the 831 -C4 isolate that he had recovered from lettuce plants washed in SP-4 broth [Somerson NL: unpublished studies] . This organism grew very rapidly in SP-4 broth, and in most other types of mycoplasma culture media containing a supplement of horse or bovine serum, and it was serologically unrelated to other acholeplasmas or mycoplasmas in our reference collection. However, we could not adapt this organism to serum-free broth, or show enhanced growth responses to Tween 80. Cholesterol studies (Table 6 ) indicated this mollicute responded well to supplements of 5-20 ,g/ml cholesterol to the base medium, again results more representative of a new Mycoplasma species.
The modified cholesterol test was also applied to five other plant or insect isolates sent to us (details on recovery and host origin are discussed below). In each instance, these mollicutes had been purified by conventional cloning techniques and shown to be unrelated in serological properties to other known acholeplasmas or mycoplasmas. Digitonin sensitivity tests [26] were also performed, since there is some correlation between growth inhibition by digitonin and requirements for cholesterol (i.e., sterolrequiring strains usually are inhibited by digitonin, while sterol-nonrequiring strains are either resistant to digitonin or show minimal inhibition). The results obtained with the modified cholesterol test and digitonin sensitivity procedures on the group of new mollicutes are summarized in Table 7 . In addition to the A. floridum strain (LI), three of the mecent plant or insect isolates (0502, J-233, and PS-1) appear to represent Acholeplasma species, while the pommier and MQ-3 isolates have [32] . These workers, using primarily the SP-4 broth preparation, recovered both of these Acholeplasma species from common vegetables (broccoli, kale, etc.). The possibility that plant hosts might have a unique flora of other mollicutes, in addition to spiroplasmas, received some support with the recovery and characterization of A. floridum [25] . These impressions have been given additional emphasis with the recovery of other, apparently new, Acholeplasma species, including the J-233 strain from a coconut palm [33] and the 0502 strain from vegetables [32] ( Table 8 ). In addition, Whitcomb and associates [35] have reported a cluster of acholeplasmas from flowers that share some serological and molecular properties with A. floridum. However, the PS-I isolate recovered from fly larvae of Plecia sp. (Bibionidae-Diptera) [36] . This sterol-requiring organism was isolated from an apple seed cultured in SP-4 broth. The seed was from fruit obtained from a tree infected with "apple proliferation" disease, another "yellows" infection associated with a mycoplasma-like organism (MLO) . Although information to connect this mollicute to the MLO infection is presently lacking, the organism is serologically unrelated to other known Mycoplasma species. The MQ-3 strain, which was recovered from the gut of the vespid wasp (Monobia quadridens) by Truman Clark [unpublished data], is also a sterol-requiring mollicute and apparently the first possi- Some of the observations recorded in this presentation also re-emphasize the critical nature of individual medium components and culture conditions employed in the primary isolation of mollicutes. The development of cultural techniques for fastidious mollicutes will continue to be a dynamic and changing affair, dependent upon new information on mollicute nutrition, on trial-and-error experimentation with modified culture media, and upon application of new technical developments occurring within all major microbial groups in the class Mollicutes.
Substantial data is rapidly accumulating that a number of previously described Acholeplasma and Mycoplasma species can occur on the surfaces of plants or in insects, and that some completely new species within each of these groups of mollicutes may constitute a unique and distinct form of plant and insect flora. While this information undoubtedly alters our concepts of the host patterns of mollicutes, it also has important implications for plant and insect pathology and for understanding factors involved in the distribution of mollicutes by insect vectors. The acquisition and transmission of spiroplasmas by leafhopper vectors following natural feeding has been amply demonstrated in several important plant diseases (citrus stubborn and corn stunt). Although results of very limited studies have not shown transmission of acholeplasmas by leafhoppers [39] , the earlier observations of Whitcomb and associates [40, 41] , that experimentally introduced acholeplasmas could undergo significant multiplication in at least two leafhopper species and in Drosophila, demonstrate some of the potential factors that might be involved in the dissemination of acholeplasmas and mycoplasmas by insect vectors. The possible role of other insects as a source and means of dissemination of pathogenic mycoplasmas was also raised recently with the demonstration of at least five pathogenic Mycoplasma species in two lines of mites occurring in the external ear canal of caprine hosts [42] . Thus, I believe we are on the threshold of developing a much better understanding of the interaction of all mollicutes with arthropods and insects. There is little doubt that rapid advances over the past ten years on the biology of spiroplasmas and the distribution of these mollicutes on plants and in arthropod hosts have been a driving force in this evolution. The expanding list of new mollicutes and the rich source of possible insect and arthropod vectors would appear to provide almost unlimited opportunities for the interaction of these two groups. Although this interaction may also involve a number of complex features, such as the role of predators and parasites within insect communities, the pursuit of this endeavor will undoubtedly open new vistas in mycoplasmology.
